The objective of this study was to develop a valid and reliable mathematics motivation scale (MMS) for UAE students in grades 4 through 12 based on the self-determination theory. A total of 1,481 students (713 boys and 768 girls) from the UAE participated in this study. The process of developing the MMS involved: a) Development of an initial item pool, b) investigating the item-type of motivation membership, c) examining the appropriateness of the administration instructions and the items phrasing, d) and exploring various types of validity and reliability of the MMS. The results indicate that the MMS has acceptable levels of content validity and structure validity. The results also provided evidence that the MMS has acceptable levels of internal consistency and temporal stability.
Motivation is considered a critical factor in understanding human behavior and has been extensively investigated. Mayer, Faber, and Xu (2007) documented that thousands of motivation studies were conducted in western cultures. Unfortunately, there is a lack of research regarding motivation in the Arab world in general and more specifically in the United Arab Emirates (UAE). The purpose of this study was to develop a valid and reliable scale that measures students' motivation in mathematics in the UAE.
Psychologists, educators, and researchers have utilized numerous theoretical approaches to improve understanding of academic motivation; the self-determination theory (SDT) is one of these approaches. The SDT generated ample studies that demonstrate the association between self-determined motivation and different educational outcomes (Deci et al., 1991; Vallereand et al., 1992; Ryan & Deci, 2000; Vansteenkiste, Lens, & Deci, 2006; Ahmed & Bruinsma, 2006; Um, Corter, & Tatsuoka, 2005; Lepper, Corpus, & Iyengar, 2005; Shih, 2008) .
The SDT postulates that motivation is not a unitary phenomenon (Ryan & Deci, 2000) . Motivation varies in quantity (level or amount) and quality (type or kind) among people (Vansteenkiste et al., 2006) . The SDT researchers postulate that there are three distinct types of motivation: Intrinsic, extrinsic, and amotivation (Deci et al., 1991; Vallereand et al., 1992; Ryan & Deci, 2000; Vansteenkiste et al., 2006) .
Intrinsic motivation
Intrinsic motivation involves exhibiting behavior willingly without internal or external pressure or seeking separable consequences (Vallerand et al., 1992) . The behavior is exhibited for itself and the reward or satisfaction derives from the behavior itself.
Extrinsic motivation
Extrinsic motivation involves exhibiting behavior because of internal or external pressure seeking separable consequences from the behavior. The behavior is not performed for its own sake but rather as a means to an end. Furthermore, the researchers have confirmed three types of extrinsic motivation: Identified regulation, introjected regulation, and external regulation (Vansteenkiste et al., 2006) . These types of motivation vary in their degree in relation to self-determination or autonomy (Vansteenkiste et al., 2006) .
External regulation involves exhibiting behavior to obtain a reward or avoid punishment. The behavior is instrumental to obtain separable consequences from the behavior itself. External variables regulate the behavior; the reasons for exhibiting the behavior has not been internalized at all; and the locus of causality is externally perceived (Vansteenkiste et al., 2006) .
Introjected regulation involves exhibiting behavior in response to internal pressure related to self-aggrandizement or avoidance of guilt or shame (Cokley, 2000; Cokley, Bernard, Cunningham, & Motoike, 2001 ). The reasons for exhibiting the behavior have been partially internalized and the locus of causality is externally perceived (Ryan & Deci, 2000) .
Identified regulation involves exhibiting behavior for the value of the behavior itself. The student identifies with the reasons for exhibiting the behavior as his or her own and exhibits the behavior volitionally (Deci etal., 1991) . The reasons for exhibiting the behavior have been internalized; and the locus of causality is internally perceived (Ryan & Deci, 2000) .
Amotivation
Amotivation refers to the absence of the intent to engage in an activity as a result of perception of incompetence and loss of control (Ryan & Deci, 2000) . Amotivated students do not perceive contingencies between their behaviors and the outcomes. Amotivated students are autonomy is as follows:
Intrinsic→identified regulation→ introjected regulationregulation→ amotivation (Vallerand et al., 1992; Cokley, 2000; Cokley et al., 2001 ; → The motivational continuum of the SDT from the most to least self-determination or external Fairchild et al., 2005; Ryan & Deci, 2000; Vansteenkiste et al., 2006) . neither extrinsically nor intrinsically motivated. Table 1  Sample Distribution (N = 1481)  Gender  Grade  4  5  6  7  8  9  10  11  12  Total  Male  District  Al-Ain  43  62 16 22  19  25 24  24  19  254  Dubai  39  44 22 24  23  25 21  25  21  244  Fujarah  21  23 24 28  29  29 20  22  19  215  Total  103  129 62 74  71  79 65  71  59  713  Female  District  Al-Ain  49  100 23 19  21  25 20  25  22  304  Dubai  46  46 29 24  25  23 27  20  18  258  Fujarah  22  22 21 25  22  26 27  22  19  206  Total  117  168 73 68  68  74 74  67  59  768  Total  1481 The purpose of this study was to develop a valid and reliable scale that measures students' motivation in mathematics in the UAE based on the self-determination theory.
METHOD Participants
A total of 1481 students (713 boys and 768 girls) from UAE participated in this study. The sample was selected using the following cluster-sampling method: first, three school districts were selected randomly from the UAE's 10 school districts. The three districts selected were Al Ain (304 girls & 254 boys), Dubai (258 girls & 244 boys), and Fujarah (206 girls & 215 boys). Second, schools from each district were selected randomly. Third, some classes were selected randomly from each school, and finally, the students from the selected classes who volunteered to participate in the study were included in the sample. Table 1 shows the distribution of participants according to school district, grade, and gender.
Instrument
The objective of this study was to develop a scale that measures motivation in mathematics based specifically on the theoretical framework of the self-determination theory. The process of developing the MMS involved: a) Developing an initial item pool, b) investigating the item-type of motivation membership, c) examining the appropriateness of the administration instructions and the items phrasing, and d) exploring various types of validity and reliability of the MMS.
Initial item pool development: An initial item pool was developed based on the selfdetermination continuum and by reviewing a number of published studies in measuring academic motivation in various cultures (Vallerand et al., 1992; Cokley, 2000; Cokley et al., 2001; Fairchild et al., 2005; Karsenti & Thibert, 1996; Barkoukis et al., 2008) . Sixty items were developed as an initial item pool. The items were designed to measure specific reasons why the students study mathematics that reflect the various types of motivation: Intrinsic motivation (IM), identified regulation (IR), introjected regulation (INR), external regulation (ER), and amotivation (AM). The initial item pool was reexamined to guarantee content representation of the self-determination continuum. Based on this review, 10 items were eliminated because of redundancy and language ambiguity.
Item-type of motivation membership (Experts rating): Further investigation of the items content validity was examined by 10 experts who hold PhDs in education. Based on the experts' responses, 6 items were eliminated and two items rephrased, either because two or more experts indicated that the items were ambiguous or the same item was classified in more than one type of motivation. All the experts agreed that the 44 items were written in clear and precise language as well as being classified in the same type of motivation that it was suppose to reflect.
Administration instructions and the items phrasing appropriateness: Five elementary teachers, 5 middle school teachers, and 5 high school teachers rated the appropriateness of the administration instructions and the phrasing of the 44 items for the students in the targeted grades. The analysis of the teachers' responses revealed that the phrasing of the items and the administration instructions were written clearly and the students in elementary school (4th grade and above), middle school and in high school would be able to read and understand the items and the instructions independently.
In conclusion, based on the initial item pool development, item-type of motivation membership, and the appropriateness of the administration instructions and the items phrasing, the MMS contained the various types of motivation (intrinsic motivation, identified regulation, introjected regulation, external regulation, & amotivation).
These types of motivation were reflected in the 44 items that represent reasons why students study mathematics. These items or reasons were rated on a 4-point scale (1 does not describe me at all, 2 describes me a little, 3 greatly describes me, and 4 describes me completely).
Procedure
Written directions with examples were presented to the participants which explained how to complete the MMS*. Mathematics teachers also presented this information verbally to the participants, and emphasized that the information collected would remain confidential. Mathematics scores (current and previous years) were obtained from schools official records.
RESULTS AND DISCUSSION

Evidence of factor structure
Expletory factor analysis (EFA) was used to examine the factor structure of the MMS. The extraction method (maximum-likelihood), eigenvalues greater than 1, and the scree test and oblique rotation (direct oblimin, delta = 0) (Costello & Osborne, 2005; Ford, MacCallum &Tait, 1986) were performed on the participants' raw scores on all (44) items of the MMS. Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) = 0.953) and the determinant correlation matrix (determinant = 3.50E-009) indicated that the sample size and the correlation matrix were suitable for factor analysis (Field, 2005) .
The results of the EFA revealed six eigenvalues greater than one; however, the scree test presented in figure 1 indicated four underlying factors. The 4 factors accounted for 48.24% of the total variance: 24.10%, 15.03, 5.81%, and 3.30%, respectively, as shown in Table 1 . The scree test was chosen to determine the number of factors in this study because it is a more accurate method than eigenvalues greater than one criterion (Russell, 2002; Costello & Osborne, 2005) .
With regard to the item loadings, the items with a loading greater than 0.30 on a factor were considered significant and used in defining that factor (Costello & Osborne, 2005) . Any item which loaded significantly in more than one factor was assigned to the factor in which it loaded more strongly if the difference between the two loadings was greater than 0.10 (Guilford, 1954) . However, if the difference between the two loadings was 0.10 or less the item was eliminated. Table 3 shows the rotated factor pattern coefficients matrix. These results indicate that 19 items were loaded significantly in factor 1. Fifteen of these items reflect the intrinsic motivation. Items IM9 and IM 27, which reflect intrinsic motivation, loaded significantly in factor 1 and factor 3 and the difference between the two loadings was less than 0.10. In addition, items IR4 and IR11, which reflect external motivation identification regulation, loaded significantly in factor 1. The results also indicate that 9 items were loaded significantly in factor 2, and all of these items reflect the amotivation. Furthermore, the results indicate that 8 items were loaded significantly in factor 3. Six of these items reflect the introjected regulation, and items IR17 and IR23, which reflect identification regulation. Finally, the results indicate that 8 items were loaded significantly in factor 4, and all of these items reflect the external regulation.
These results confirmed four of the five factors (intrinsic motivation, amotivation, introjected regulation & external regulation) of the MMS. However, the fifth factor, identified regulation motivation, did not emerge as a factor in the MMS. This may be due to the social contexts in the UAE's cultural and educational system.
The identified regulation motivation reflects the highest level of autonomy or self determination among the external motivation types. Past research confirmed that autonomy and supportive contexts enhance autonomous motivation while controlling contexts diminish autonomous motivation (Ryan & Deci, 2000) . More specifically the social contexts of the culture, home, school, and classroom environment impact the degree in which students internalize the external regulation of the beha-vior (Deci, Ryan, & Williams, 1996; Ryan & Deci, 2000) . The social contexts have a critical impact on the level of internalization of extrinsically motivated behaviors because they are not inherently interesting.
Autonomy and supportive contexts such as providing the students with the freedom to choose, encouraging individuality, respecting students' opinions, and fostering responsibility and independence would maintain intrinsic motivation and facilitate internalization of the extrinsic motivation (Ryan & Deci, 2000; Hoang, 2007; Edmunds, Ntoumanis, & Duda, 2008; Um etal., 2005; Urdan & Schoenfelder, 2006; Wong, Wiest, & Cusick, 2002) .
Controlling contexts that pressure students to think, feel, and/or behave in a specific manner limit the internalization of regulation. The overall internalization of regulation among students in controlling contexts is less than the students in autonomy and supportive contexts (Ryan & Deci, 2000) . More importantly the internalization that occurs in controlling contexts tends to be only introjected (Ryan & Deci, 2000) . These findings support the factorial validity of the MMS in measuring the four types of motivation (intrinsic motivation, introjected regulation, external regulation & amotivation) and support Ryan and Deci's (2000) claim with regards to the identification regulation subscale. However, this claim requires further investigation in the UAE.
Most motivation theories like the selfdetermination theory, is rooted in Western culture. The social contexts of the culture, home, school, and classroom environment in the Arab world are different from Western cultures. These variables are critical in the process of internalization of external regulation of the behavior. Western culture is individually-oriented while Arab culture is socially-oriented. Social norms and values in the Arab culture have a significant influence on the individual's behavior (Abu Hilal & Al Khati, 2011) . These norms and values also play a major role in determining whether context is autonomous supportive or controlling. The role of culture in academic motivation is very important. However, the role of culture is beyond the scope of this study. A further investigation of the role of culture in academic motivation is highly recommended.
Evidence of construct validity
Simplex Pattern: The simplex structure (Cokley et al., 2001; Fairchild et al., 2005) of the MMS was examined in relation to the selfdetermination continuum as an indicator for its construct validity. The motivational continuum of the self-determination from the most to least self-determination or autonomy is as follows: Intrinsic → introjected regulation, → external regulation→ amotivation. These types of motivation vary in their degree in relation to self-determination or autonomy.
The hypothesis was that the strength of the relationships and directions among the four subscales (types of motivation) varies according to their degree and direction in relation to the continuum of self-determination. According to this hypothesis, the Intrinsic subscale represents the most selfdetermination or autonomy and the Amotivation subscale represents the polar opposite which is the least self-determination or autonomy. Therefore, the relationship between these two subscales is expected to be significantly negative. However, the relationship between the Intrinsic subscale and introjected regulation subscale are expected to be significantly positive. Likewise, the relationship between the external regulation subscale and amotivation subscales are expected to be significantly positive. Finally, the magnitude and the direction of the Controlling contexts that pressure students to think, feel, and/or behave in a specific manner limit the internalization of regulation. The overall internalization of regulation among students in controlling contexts is less than the students in autonomy and supportive contexts (Ryan & Deci, 2000) . More importantly the internalization that occurs in controlling contexts tends to be only introjected (Ryan & Deci, 2000) . These findings support the factorial validity of the MMS in measuring the four types of motivation (intrinsic motivation, introjected regulation, external regulation & amotivation) and support Ryan and Deci's (2000) claim with regards to the identification regulation subscale. However, this claim requires further investigation in the UAE. Most motivation theories like the selfdetermination theory, is rooted in Western culture. The social contexts of the culture, home, school, and classroom environment in the Arab World are different from Western cultures. These variables are critical in the process of internalization of external regulation of the behavior. Western culture is individually-oriented while Arab culture is socially-oriented. Social norms and values in the Arab culture have a significant influence on the individual's behavior (Abu Hilal & Al Khatib, 2011) . These norms and values also play a major role in determining whether context is autonomous supportive or controlling. The role of culture in academic motivation is very important. However, the role of culture is beyond the scope of this study. A further investigation of the role of culture in academic motivation is highly recommended.
Relationships among the subscales is expected to weaken according to selfdetermination continuum moving from the most self-determination or autonomy (intrinsic) toward the least self-determination or autonomy (amotivation).
The Pearson correlation coefficients among the MMS subscales were computed to examine the simplex pattern of the MSS. These results are presented in Table 3 . The findings indicate that the correlation between the intrinsic motivation, on one hand, and the introjected regulation, external regulation, and amotivation, on the other, were (r = 0.52, p < 0.05), (r = 0.31, p < 0.05), and (r = -0.02 p > 0.05), respectively. The correlation between the introjected regulation, on one hand, and the external regulation and amotivation, on the other, were (r = 0.39, p < 0.05), (r = -0.07, p < 0.05), respectively. Finally, the correlation between the external regulation and amotivation was (r = 0. 47, p < 0.05).
These findings confirmed the following: First, the relationship between the Intrinsic subscale and introjected regulation subscale were significantly positive. Likewise, the relationship between the external regulation subscale and amotivation subscales were significantly positive as predicted. Second, the relationship between the intrinsic and introjected regulation, on one hand and the external regulation and amotivation subscales were positive and the strongest as expected.
Overall, the simplex pattern of the MSS is consistent with the self-determination continuum which provides evidence that the MMS has construct validity. Relationship between MMS and achievement in mathematics: It is logical to assume a relationship between motivation and achievement and that relation vary according to the type of motivation. The hypothesis was that achievement in mathematics should be positively and significantly correlated with the intrinsic motivation and introjected regulation. In contrast, achievement in mathematics should be negatively and significantly correlated with the external regulation and amotivation.
The results shown in Table 4 indicate that the correlation between the intrinsic motivation and introjected regulation, on one hand, and achievement in mathematics in previous year and current, on the other, were (r = 0.16, p < 0.05), (r = 0.13, p < 0.05), (r = 0.20 p <.05), and (r = .20 p <0.05) respectively. The results also indicate that the correlation between the external regulation and amotivation, on one hand, and achievement in mathematics previous year and current, on the other, were (r = -0.13, p < 0.05), (r = -0.12, p < 0.05), (r = -0.28 p <0.05), and (r = -0.29 p <0.05) respectively. These findings confirm a significant relationship between the intrinsic motivation, introjected regulation, external regulation and amotivation, on one hand, and achievement in mathematics on the other. This relation was positive for the intrinsic motivation, introjected regulation and negative for external regulation and amotivation. These results also are consistent with the findings of Ahmed & Bruinsma (2006) ; Um et al. (2005) ; Lepper, Corpus, & Iyengar (2005) . These results provide evidence that support the validity of the MMS.
It appears that correlations between achievement in mathematics and introjected regulation, on one hand, is stronger than the correlation between achievement in mathematics and intrinsic motivation on the other. This may be due to the social contexts in the Arab culture. introjected regulation involves exhibiting behavior in response to internal pressure related to self-aggrandizement or avoidance of guilt or shame (Cokley, 2000; Cokley et al., 2001) . motivation, introjected regulation, external regulation & amotivation. The results also provided evidence that the MMS has acceptable levels of internal consistency and temporal stability. In conclusion, the results indicate that the MMS has acceptable levels of content, structure and construct validity in measuring four types of motivation, namely intrinsic. Pride, guilt or shame has a significant influence on the individual's behavior in the Arab culture, and its impact is more likely to be higher in the Arab culture than the Western cultures.
Overall, the pattern of the relationships between MMS subscales, on one hand, and the mathematics achievement on the other, provides evidence that the MMS has construct validity.
Evidence of internal consistency
Internal consistency was established by computing the Cronbach's alpha for each subscale. Cronbach's alpha ranged from 0.77 (introjected regulation) to 0.90 (intrinsic motivation) as illustrated in Table 5 . Also, the internal consistency of each subscale was examined by computing inter item and total score correlation matrix for each subscale. The results are presented in Tables 6 to 9 in the Appendix.
The results indicate significant relationships (p < 0.01) among the items in each subscale and their subscale total score. Furthermore, the findings indicate that the relationship between the items and their subscale total score was higher than the relationships among the items. These results reflect acceptable levels of internal consistency.
Evidence of reliability
Test-retest stability was examined by administering the MMS twice to 130 students. The interval between test-retest was 14 days. Test-retest reliability coefficients for the subscales ranged from 0.68 to 0.85. The results are presented in Table 5 . These results indicate that the MMS has adequate levels of temporal stability.
Implications and recommendations
The UAE has been in the process of reforming its education system and significant efforts have been made toward achieving this goal. Assessment is critical in ensuring the success of this reform. Assessment provides educators, parents, and students with information to make informed decisions. Social, psychological, and educational decisions based on reliable and valid data is the best approach to meet the students' needs.
The MMS provides educators in the UAE with significant information which furthers their understanding of students' performance, and assists them in developing intervention programs or strategies for students experiencing difficulties in mathematics. It also provides researchers with an instrument to use in studying motivation and relevant variables that impact students' achievement in the UAE. Furthermore, the results of this study highlights the need for further investigation of external identified regulation motivation and the impact of the social contexts on students' internalization of the external regulation of their behavior and its impact on achievement. Finally, the results of this study provide support to the applicability of the self-determination theory in the UAE. Further investigation of the validity of this theory in the Arabic culture is recommended. 
